Fivefree-livingwomen (ages 28-38 y) and fivewomen (ages 23-44 y) residingin a metabolicunit and eating a constant diet were assessed for variationin indicesrelatedto mineral nutrition. Blood was sampled once a month for five months, once a week for five weeks, and once a day for five days to assessanalyticaland biological vanability.Analyticalvanability was determined by using concurrently run duplicate controlsamples prepared from plasma or serum pools. Of the measured indices,serum fen'itinvaried most, with intra- variation, and of the analytical variation. Several studies have examined this variation in components more commonly measured in serum (1-6). Only a few limited studies have addressed short-term inter-or intra-individual variability of mineral elements (1). Generally, these studies have described the variability components of a free-living reference population with variable dietary intakes that could affect the component being measured. There have been no long-term studies that compare the inter-and intra-individual variations of nutritional status indices between subjects fed a constant diet and those of general reference population with more variable dietary intakes.
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Here we describe the daily, weekly, and monthly components of variation of indices of mineral nutrition in young women living in a metabolic unit, and fed a constant 
Subjects and Methods
Subjects: Two groups of women between the ages of 23 and 44 were studied. Five women, termed free-living (FL), lived in the community and followed their usual dietary practices.2 Five women, termed constant diet (CD), were maintained in a metabolic unit for six months and fed a constant, mixed western-type diet. The subjects entered the study after they had been informed in detail about the nature of the research, and after clinical and nutritional evaluations had established that they had no underlying disease and that they appeared emotionally suited for this project. This study was approved by the Institutional Re- The CD women lived in a metabolic unit under close supervision for the duration of the study. Throughout the study they were fed constant weighed diets on a three-day menu rotation. The diets were prepared from conventional foods chosen to provide recommended levels of all nutrients and to minimize variability of composition (Table 1) . The diet had energy contents from 2200 to 2600 kcal, with serving sizes of foods increasing in proportion to kilocalorie content, in 200-kcal increments. The dietary intake of each subject was based on her energy needs and was adjusted to maintain body weight within 2% of admission weight.
Reported energy intakes of the FL women were between
1100 and 2200 kcal, as estimated from three-day food diaries (Table 1) . Their weights fluctuated an average of 4.6% during the six-month study.
Sample collection and analytical methods: Blood collection conditions were consistent throughout the study. Blood was drawn between 0730 and 0800 h, after the subjects had fasted for 10 h, at five-day, five-week, and five-month intervals (Table 2 ). Each time, 70 mL of blood was drawn from an antecubital vein, made visible by temporary use of a tourniquet. A 22-gauge infusion set was used. Aliquots were mixed with appropriate anticoagulants and processed within 90 mm. Samples not analyzed the day of the draw were stored frozen until analysis. All samples were analyzed in variance between subjects, corrected for short-term analytical variability as estimated from duplicate analyses; IntraCV, intra-individual variance within a subject, corrected for short-term analytical variability as estimated from duplicate analyses; LTACV, variance over time of control samples that were matched to subject samples and corrected for short-term analytical variability as estimated from duplicate analyses; and PCV, intra-individual duplicate. Aliquots of a serum poo1 or lyophilized controls were included, in duplicate, in each analytical run for quality control, and to determine the analytical component of variability.
Plasma metals were determined by atomic absorption spectrophotometry.
The sample was diluted with de-ionized water and aspirated directly into the flame for Cu and Zn The group means for these two indices were converted back to the normal scale before being reported. Variance components were calculated by using the expected mean squares from an analysis-of-variance model (10), with individuals and collections assumed to be random effects. The model that represented these data provided estimates of interindividual variance
and analytical error (r).
FL
individuals and CD individuals were analyzed separately.
Variances were compared by use of the F-test. Coefficients of variation (CVs) were calculated for each variance component by dividing the square root of the variance estimate by the grand mean of that analyte and expressing the result as a percentage.
Control samples were run concurrently with the subjects' samples and were also analyzed in duplicate. We assumed 3Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by the U.S. Dept. of Agriculture, and does not imply its approval to the exclusion of other products that may also be suitable. that long-term analytical variation could be estimated from data on these control samples. Correlations between the means for each draw were assessed for the analytes and the control samples to determine the validity of this assumption. If the correlation indicated that the analytes and controls fluctuated concurrently more often than would be expected by chance alone, then the time component of
for the control samples was used as the estimate of long-term analytical variability. These estimates of long-term analytical variance, when available, were subtracted from the intra-individual variances of the analyte to obtain an estimate of personal variance, i.e., c4 = 4-4 The corresponding CV was obtained by dividing the square root of the estimate by the grand mean of the analyte and expressing the result as a percentage.
With the above method, some negative variance estimates were obtained when the long-term analytical variability exceeded the total intra-individual variability.
Although physiologically impossible, negative variances could be obtained because control samples were used to estimate the long-term analytical component of the total variability.
Results
The dietary intakes of all nutrients seemed to be lower and more variable in the FL group than in the CD group (Table 1) , perhaps owing to the different methods used to determine intake for the two groups. Table 3 summarizes the mean values for the indices measured for data from the monthly, weekly, and daily blood samplings. We did not draw the daily samples from the CD subjects because all indices of iron status declined significantly with time; apparently, the iron intake did not compensate for phlebotomy and menstrual losses. Table 4 summarizes the analytical and biological variations estimated from the monthly and weekly data from both groups and the daily data from the FL group.
Iron indices: Transferrin and serum ferritin were the most variable indices measured, presumably because there was an apparent change in iron status with time. A schematic of the samplings is shown in Table 2 and, as can be seen, the weekly collections were done in the middle of the study and the daily collections at the end of the study. It follows that, as the study progressed, so did the frequency and amount of phlebotomies.
Hemoglobins and hematocrits were relatively constant throughout the study for both groups. The mean value for hemoglobin for the FL subjects 
24% (d). IntraCV for CD was 2.82% (m) and 2.59% (w).
There was a significant difference between IntraCV of the monthly draws: 1.26% for FL and 2.82% for CD. Long-term analytical variance ranged from 0% to 1 9.2 1% (m) . The IntraCV of 4.93% for FL and 9,21% for CD were significantly different. The PCV for all groups was decreased when long-term analytical variance was subtracted. Values for ceruloplasmin, the major coppercontaining protein in serum, were similar for the two groups. The InterCV variance ranged from 10.93% (m) to 11.2% (w) for FL, and from 17.45% to 19.05% for CD. The IntraCV between FL and CD for both weekly and monthly draws was significantly different. The long-term analytical CV ranged from 0% (d) to 6.04% (m) The difference between the weekly InterCV, FL at 0.73% and CD at 4.57%, was significant.
3.67% (w) to
Long-term analytical variance varied from 2.01% to 7.62% over the six months. IntraCV for FL ranged from 3.8% (d) to 6.11% (w), and CD ranged from 4.02% (w) to 6.92% (m). Again, some negative PCV values were calculated.
Discussion
The apparent difference in nutrient intake between CD and FL subjects may be, in part, the result of differences in estimating intake. We analyzed duplicate diets to determine dietary intake of nutrients of interest for the CD subjects, whereas dietary intakes of various nutrients of the FL women were estimated from three-day food diaries and foodcomposition tables. Food consumption tends to be underestimated when food records are used (11, 12). We were unable to find any correlations between estimated dietary intake of any nutrient and measured analytes.
When laboratory results from tests done periodically on a subject are compared over a protracted period, evaluation of long-term variability of test procedures and the normal biological variation of the analyte in question becomes especially important. Several factors affect serial measurements. Analytical variation may be influenced by the method used, changing environmental conditions in the laboratory, differences between technicians, and sample manipulation. The biological component is influenced by age, sex, genetic makeup, and seasonal and diurnal variations. Other factors, including stress, exercise, disease, medications, and dietary changes or supplements, can also affect the concentration of a particular analyte in plasma.
We assumed that the long-term analytical component could be derived from concurrent analysis of aliquots of frozen serum or plasma pools (13) . If the long-term fluctuations of the controls correlated with fluctuation in the samples by more than would be predicted by chance alone, then the variance of the controls could be used to correct for analytical variation. Using this assumption, we were able to correct for long-term analytical variations for most of the trace-mineral indices. The negative variance estimates for personal variance occurred when the control values varied more than the test values.
The measured iron indices seemed to be more variable than those for most of the other minerals. Large fluctuations in iron and ferritin have been noted by several other investigators (1, 3, 4). Several factors contribute to these fluctuations.
We noticed a progressive decrease in serum ferritin with time, particularly with the women living in the controlled environment.
Perhaps their menstrual and phlebotomy losses of iron were not replaced adequately by dietary intake, even though the CD subjects received 16.6 mg/d (analyzed value), which, under most circumstances, would be considered an adequate iron intake. The variance estimates obtained for ferritin probably reflect more the variation that we induced by phlebotomy rather than just inherent biological variability.
Thus, it might have been clinically inappropriate to call these variance estimates for ferritin or transferrin biological variability. However, it was not possible to obtain an estimate that did not include the effect of phlebotomy. Few data have been reported on variability of trace metals in a population of people who were on a constant diet. While studying the group of women fed a controlled diet, we decided it would be appropriate to simultaneously study a group who self-selected their diet. We felt that by studying these two groups of people at the same time, seasonal changes would be minimal, so that any difference between the groups could be attributed to diet. However, because the differences between the groups were so small and inconsistent, we conclude that either five months is not long enough to see a difference or the indices studied were not sensitive enough to measure small dietary changes.
Studies
To interpret data from a specific test from a laboratory, it is very important to know the long-term analytical variation for that test within that laboratory. As our data show, variations of results for controls differed between test and duration of time. All of these factors must be taken into account when assessing long-term variability of selected indices from a specific laboratory.
In conclusion, the degree and magnitude of intrasubject variability of indices used to evaluate nutritional status need to be considered when one is evaluating the results of long-term metabolic studies or the nutritional status of an individual. These factors are also important in monitoring patients who are receiving nutritional support in the form of enteral or parenteral preparations. The more highly variable indices may not be as appropriate as the less-variable indices for evaluating status because more-marked changes would have to occur before a disease or change in nutritional status could be appropriately diagnosed. Additionally, changes observed over a protracted period need to be greater than the "normal" biological variance to be considered biologically significant, even though the data may indicate statistical significance.
